EXCITATION OF PLASMA BY ELECTRIC PULSES IN NEON MEDIUM
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We studied characteristics of the neon plasma source excited in the atmosphere under the following conditions:
gas pressure is about 2 Torr, rectangular pulses have an amplitude from 200 to 800 V, pulse duration is from 0.2 to
10 ps, repetition rate is from 0.2 up to 1 kHz. There is a mode with a stable and unstable mode of existence of the
plasma when the voltage on the electrodes of the plasma source varies from 800 to 350 V and from 350 to 250 V
before the extinction of the plasma. The pulse from the PMT output in a steady state plasma has a decay of about
100 ps, the duration of which does not depend on the magnitude of the voltage, frequency and pulse duration. With
a decrease in the supply voltage U, the pulse front duration with a photomultiplier is increased from 74 to 450 ns. It
is shown that a large neon plasma relaxation time of 100 ps compared with a beam pulse duration of 1...2 us allows

only one time to change the phase of the accelerating field.

PACS: 84.40.Az, 84.90.+a

INTRODUCTION

To accelerate the witness part of the beam pulse by a
wakefield, excited by the driver part of the beam pulse,
witness particles must be shifted by 180°. To do this
without splitting beam pulse, it is possible to use, for
example, rotating magnets [1]; or introducing a small
detuning between the frequency of the microwave gen-
erator and the bunch repetition frequency [2]. However,
this method turned out to be ineffective due to the non-
large transformation ratio, since a large number of
bunches fell into the braking phase of the electromag-
netic field. Therefore, another method was proposed in
paper [3]: to change the phase of an electromagnetic
wave generated by an electromagnetic klystron by an
angle 7 using a plasma phase inverter described in [4]
for some part of the bunch pulse. Since in this case, in
the dielectric structure, after the first part of the pulse,
the next part of the bunches in the pulse will be in the
accelerating phase of the wake wave.

In order to implement the possibility of solving this
problem, a microwave plasma phase inverter circuit was
proposed [3]. In this inverter, the phase shift was en-
sured by a mismatch of resonator resonance using a
plasma source. This phase inverter should be included
in the microwave path between the magnetron and the
accelerator klystron.

To test the feasibility of this idea, a model of a phase
inverter was developed and manufactured, the scheme
of which is also presented in [3].

In the layout of a plasma phase inverter model, the
microwave power from the generator, through the circu-
lator, enters the resonator and, in the absence of plasma,
enters the detector from which it enters the first channel
of the oscillograph. When a pulsed voltage is applied
from a generator of rectangular pulses, a plasma is gen-
erated in neon gas source, which mismatches the reso-
nator. As a result, the microwave power begins to be
reflected and through the circulator enters the reflected
power detector and then to the second channel of the
oscilloscope. Thus, in the case of resonance, the non-
inverted microwave power can be used in the first part
of the beam propagation pulse, and in the case of reso-
nator detuning, when plasma is generated, the inverted
power is used in the second part.

ISSN 1562-6016. BAHT. 2019. Ne4(122)

As shown by experiments conducted on a micro-
wave plasma phase inverter model [3], the most im-
portant element determining the efficiency of a phase
inverter is the source of neon plasma. In a plasma phase
inverter model, the plasma source is essentially a mi-
crowave power switch that should operate as soon as
possible and detune the resonator. In order to achieve
the necessary parameters for the combustion of neon
plasma, additional studies were carried out which are
presented in this work.

EXPERIMENTAL SCHEME
AND TECHNIQUE

To carry out experiments on measuring the radiation
of a neon plasma source, a stand was assembled; the
scheme of which is presenred in Fig. 1.

The scheme works as follows. From a regulated DC
voltage source, voltage from 250 to 800 V is applied to a
capacitor (C). Capacitor was a film and a little inductive.

The MOS FET key (S) was controlled by a square-
wave generator (G), which used a measuring generator
G5-54, which produces pulses with a repetition rate
from several hertz to several kilohertz with a duration of
200 ns to 10 ps.
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Fig. 1. The scheme of the stand for the study
of the source of neon plasma using a photomultiplier;
where G is a square wave generator;, PW — DC power
supply; PS —plasma source; PMT — photoelectronic
multiplier (PMT),; OSC is a digital oscilloscope,
S is a semiconductor key — MOS FET;
OP —optocoupler; U —MOS FET driver;
C —capacitor; R, Rp, Rd — current limiting, protective
and discharge resistors
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The pulses from the generator (G) to the key (S) are
delivered through the optocoupler (OP) and the driver
(U). The optocoupler provides galvanic isolation of the
generator of square-wave pulses from the pulse for-
mation circuit of a neon plasma source. This reduces the
mutual influence of the circuits and the appearance of
parasitic noise pickups when measuring the shape of
voltages and currents and setting up the circuit. The
driver (U) provides current amplification for fast charg-
ing of the parasitic capacitance of the gate of the MOS
FET key (S), thereby ensuring quick closing and open-
ing of the key (S).

When opening the key (S), the voltage is equal to the
supply voltage from the capacitor (C) through the pro-
tective resistance Rp to the neon plasma source (PS). If
the voltage and time parameters are sufficient to ignite
the plasma at the PMT output (PMT), the voltage is
proportional to the plasma emission value (PS).

The source of neon plasma (PS) was a miniature
glass sealed balloon filled with neon with a pressure of
about 2 mm Hg. The electrodes to which voltage was
applied were a flat circular cathode and a wire ring
anode located above it. Plasma when visually observed
when applying constant voltage on the plasma source
occupied the volume almost from the outer surface of
the cathode to the anode.

The FEU-68 was used as a photoelectron multiplier
(PMT) in the experimental setup. To correctly display
the pulses in the passport scheme of the PMT, additional
capacitors were added, according to [5].

To check the display of the pulse shape from the
PMT output, instead of a plasma source, an LED was
turned on. The measurement results are shown in the
oscillograms shown in Fig. 2.

Fig. 2. Pulse shape when measuring the radiation
of the LED, where a) pulse shape from the output
of the photomultiplier without corrective capacitors;
b) pulse shape with corrective capacitances: in the top
is the voltage with the output of the PMT, in the bottom
is the voltage supplied to the light-diode
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RESULTS OF MEASUREMENTS

As shown by measurements at the output of the
PMT (the first example for the applied voltage of 700 V
is shown in Fig. 3) in the voltage form the presence of a
high-frequency component at the pulse front (oscillo-
gram “a”) and a low-frequency pulse component in the
decay part of the pulse (oscillogram “b”) is observed.

L b
Fig. 3. Oscillograms of a signal from a photomultiplier

for oscilloscope sweeps: a) 1 us / div. and b) 50 us / div.

The voltage at the plasma source is 700 V

High-frequency part has approximately the same du-
ration as the voltage pulse supplied to the neon plasma
source (line 1), but has a smoother shape. The duration
of the fall-off of the low-frequency component reaches a
duration of 100 us and practically does not change when
the voltage (U), frequency (F) and duration (t) of pulses
applied to a neon plasma source are changed.

When analyzing the obtained oscillograms, the fol-
lowing tendencies of changing the pulse shape with
decreasing voltage (U) were found. From 800 to 500 V,
the pulse shape remains almost constant. Further, as the
voltage decreases, the pulse front from the PMT output
increases, the amplitudes of the high-frequency compo-
nent almost do not change, and the amplitude of the low
frequency component falls. Also during the experi-
ments, the following tendencies in the behavior of neon
plasma were discovered. At the duration of 500 ns and a
pulse repetition rate of 1 kHz with an increase in the
supply voltage, the plasma arises at a voltage of about
350 V, and goes out when the voltage decreases to
250 V. It was found that if the voltage is less than
350V, then the plasma does not appear and behaves
unstably. The same trends are observed when decreas-
ing in the repetition rate (F) and the duration (1) of the
pulses, but already with a higher voltage.

One of the regimes of the neon plasma state in the
unstable mode at constant (U), when decreasing fre-
quency (F), can be seen on the oscillograms shown in
Fig. 4,a,b,c.
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Fig. 4. Oscillograms of a signal from a photomultiplier
output for a frequency: a) 400 Hz; b) 300 Hz;
¢) 200 Hz. The voltage (U) is 700 V
and the pulse duration is 500 ns

As follows from presented oscillograms, both with
a decrease in the voltage applied to the discharge (U) or
with a decrease in frequency (F), at the beginning, only
a decrease in the low-frequency part of the pulse (de-
cay) is observed with a constant amplitude of the front
(high-frequency) part of the pulse. At the next decrease
in U ot F a complete absence of low-frequency is ob-
sereved (the oscillogram c)). After that, with decreasing
(F) until the plasma disappears, the amplitude of the
entire pulse begins to decrease. The pulse front of the
oscillograms in Fig 4,a,b,c is 180, 240, and 450 ns.

Oscillograms illustrating the change in the front de-
pending on the voltage in the steady state of the neon
plasma are shown in Fig. 5.

As can be seen from the oscillograms in Fig. 5, in
the steady mode the same as in the unstable mode is
observed, the tendency with deterioration of the plasma
existence conditions, that is, the decrease of the voltage
U, the pulse front increases from 74 to 124 ns.

Analyzing the data of Figs. 4 and 5, we can conclude
that with the deterioration of the conditions of existence
of the plasma, the pulse front increases, which indicates
an increase in the plasma ionization time.
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Fig. 5. Oscillograms of a signal from the photomultipli-
er output for voltage (U): a) 400 V; b) 600 V;
¢) 800 V. At a repetition frequency (F) of 1 kHz

and a pulse duration (t) of 10 us
CONCLUSIONS

Analysis of the results of the experiments makes it
possible to draw the following conclusions

The state of the neon plasma, depending on the volt-
age at the source, can be stable and unstable. The transi-
tion from a steady state to an unstable plasma state is
observed with decreasing voltage, repetition rate, or
pulse duration. Plasma excitation time (pulse front)
decreases with increasing voltage amplitude applied to
the neon plasma source The relaxation time of a plasma
(pulse decay) in its stable state does not depend on the
voltage at the electrodes of the plasma source, the dura-
tion and pulse repetition frequency. It is equal about
100 ps. Thus, a large relaxation time compared with the
duration of the pulse of the electron beam allows only
one time to change the phase of the accelerating field.

Work was partially supported by the Ukrainian
budget program "Support for the most important direc-
tions of scientific researches" (KITKBK 6541230).
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BO3BYXJEHUE IJIA3MBbI JIEKTPUYECKUMU UMITYJIbCAMHU B CPEJE HEOHA
J.IO. 3aneckuii, I.A. Kpueonocos, I.B Comnuxos

[IpoBeneHs UcCIIeOBaHMS XapaKTEPUCTHK HEOHOBOTO MCTOYHHUKA IUTa3MBI, BO30YKIaeMOT0 MPSIMOYTOIbHBIMH
HMITyJIbCaMU ¢ aMIUIMTYyA0M HanpspkeHus oT 200 no 800 B, nnutensHoctbio 0T 0,2 10 10 Mkc 1 wacroToit ot 0,2 10
| x['m mpm naBneHWM ra3a B KaMepe HWCTOYHMKA IUIa3Mbl mopsgka 2 Topp. MccrmemoBamms mokasamm, dTO
.HaOIIOAr0TCS PEKUMBI C YCTOWYMBBIM U HEYCTOMYMBBIM COCTOSHHEM IIIa3Mbl NPH U3MCHEHUU HANPSDKCHUS Ha
aekTpoaax uctoyHuka miasmsl oT 800 no 350 B u ot 350 no 250 B no moracanus miasmsel. UMmynsc ¢ BeIXoaa
®DY B yCTOHYHMBOM COCTOSHHUHM IJIa3Mbl UMeeT craja okoio 100 MKC, AIUTENbHOCTE KOTOPOTO HE 3aBUCHUT OT BEJIH-
YUHBI HAMNPSDKEHUS, YaCTOThl U JJIUTENBHOCTH MMITyJbca. [Ipu yMEHBIIEHUU MHUTAIONIETO HANPSHKEHUS NITUTEINb-
HOCTh (poHTa HMMIyJibca ¢ DDV yBenuuuBaetcs ¢ 74 mo 450 He. IlokaszaHo, 4TO OONBIIOE BpeMs peaKcalluu
HeoHOBOH M1a3Mbl 100 MKC 1O CpaBHEHHUIO C AIUTEIBHOCTHIO UMITynbca (1...2) MKC cleloBaHHS 3JIEKTPOHHOTO
My4YKa MO3BOJISIET TOJBKO OJIMH pa3 MEHATH (ha3y YCKOPSIOUIETO MOJIsl.

3BYJ)KEHHSI ITJIASMUA EJJEKTPUYHUMHA IMITYJIbCAMHU B CEPEJIOBHUIIII HEOHY
JIO. 3anecvkuii, I A. Kpueonocos, I.B. Comnixos

IIpoBeneHo MOCHIIKEHHS XapaKTEPHCTHK HEOHOBOTO JDKEPeENa IIa3MH, OPYITyBaHOTO MPSIMOKYTHUMH IMITYJIb-
cami 3 amtiTygoro Hanpyra Big 200 go 800 VY, tpusamictio Bix 0,2 mo 10 Mxc i wactroToro Bix 0,2 1o 1 xI'm mpu
THCKY Ta3y B KaMmepi pkepena ia3Mu mopsaaky 2 Topp. JocmimkeHHs MOKa3aii, MO .CIIOCTEePIraloThCs PeXUMH 31
CTIMKMM 1 HECTIKMM CTaHAMH IUTa3MH TIPU 3MiHI HAIPYTH Ha eNeKTpoax mkepena mwiazmu Big 800 mo 350 B u Bixg
350 o 250 B no 3aracanns mia3mu. Imnynbse i3 Buxony ®EII B crilikoMy cTaHi ma3mu Mae criajx 6au3bko 100 Mkc,
TPUBAJIICTD SIKOTO HE 3aJIC)KUTh BiJl BEJMYUHU HANPYTH, YACTOTH 1 TPUBAJIOCTI iMITynbCy. [Ipu 3MeHIIEHH] KUBIiTb-
HOI Harpyru TpuBalicTh GpoHTy iMnysbcy 3 OEI 36inbmryerses 3 74 no 450 ue. [Tokaszano, 1m0 Benukuii yac pena-
Kcauii HEOHOBOI IUIa3MHU Yy HMOPIBHSHHI 13 TpUBaNICTIO iMIysbCy (1...2) MKC NPOXOPKEHHS €IEKTPOHHOTO Iy4Ka
JIO3BOJISIE TUIBKU OJIMH Pa3 3MIiHUTH (pa3y NPUCKOPIOBAIBEHOIO TIOJIS.
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